
Preface

The production of high-quality scientific software is a legitimate and valuable
contribution to the scientific infrastructure and to science itself. Scientific soft-
ware can involve both numeric and symbolic calculations. Deductive software
consists of symbolic routines for logical manipulations. It includes decision pro-
cedures, solvers, rewriters, model checkers, and theorem provers. Deductive soft-
ware serves as the semantic foundation for a number of scientific and engineering
applications in areas such as hardware and software verification, program syn-
thesis and analysis, data- and knowledge-based systems, artificial intelligence,
linguistics, and e-commerce.

QPQ, which stands for QED Pro Quo, is a forum for publishing, exchang-
ing, and refining deductive software components. The refereed publication and
distribution of such scientific software components in open source form yields
higher quality, greater visibility, and accelerated productivity.

The QPQ deductive software repository is located at http://www.qpq.org/.
It was officially launched at the First QPQ workshop at CADE-19. The develop-
ment of the QPQ repository is funded by the US National Science Foundation
under Grant No. EIA-0224465 and by SRI International. Dr. Mark Stickel (SRI
International) is the founding editor-in-chief. The QPQ advisory board consists
of an international panel of distinguished researchers in automated deduction.
The repository consists of 33 different subfields, each with an associated editor.
The QPQ web site was developed by John Pedersen, Patricia Morley, and Nadia
Ghamrawi of SRI International.

The present volume collects together papers summarizing talks given at the
First QPQ workshop. The workshop also included an invited presentation by Dr.
Mark Stickel, and two discussion sessions on the organization and maintenance
of the QPQ repository.

We thank NSF and SRI International for their generous support, and the
CADE organizers, notably the conference chair Geoff Sutcliffe and the workshop
chair Cesare Tinelli, for their help and encouragement.

July 2003 Michael Kohlhase
Natarajan Shankar

Mark Stickel
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Abstract. The Electronic Tool Integration platform (ETI) is designed
for the support of communities wishing to set up sites for the project-
specific, domain-specific, public or private interactive experimentation
with and coordination of heterogeneous tools.
This paper briefly sketches the experience of tool refereeing and integra-
tion in the last years, as a possible starting point for a discussion on how
to manage the same issues in QPQ.

1 Background: The ETI Goals

Since 1997, the Electronic Tool Integration platform (ETI) supports communities
to set up sites for project-specific, domain-specific, public or private interactive
experimentation with and coordination of heterogeneous tools1. ETI managers,
developers, and users are assisted by an advanced personalized Online Service
guiding experimentation, coordination and simple browsing of the available tool
repository according to their degree of experience. This allows even newcomers
to orient themselves in the wealth of existing tools and to identify the most
appropriate collection of tools to solve their own application-specific tasks.

The ETI project, which has been started in 1996, is intended to provide
a Web-based, open communication platform for tool providers and end users.
Here, tool providers can publish their tools and get valuable feedback by the
end users. End users can compare different tools within an application domain
and can combine functionalities of tools of different application domains to solve
problems a single tool never would have been able to. A more detailed exposition,
including background and related work can be found in [4], which describes the
concrete instantiation for the ETI community associated to the International
Journal on Software Tools for Technology Transfer (STTT) [6].

Similar to QPQ, the ETI Online Service plays a public service role, giving
users the possibility of direct, hands-on, experience with a wealth of available
tools and functionalities. Users and contributors are invited to report on their
experience with the integrated tools in the context of the service as a
1 The ETI platform is realized on top of the MetaFrame environment [5, 3].



2 Tiziana Margaria

– directory for possible tools and algorithms satisfying totally or partially their
needs,

– (vendor- and producer-) independent test site for trying and comparing al-
ternative products and solutions without any installation overhead,

– quality assessment site for the published tools, which are refereed accord-
ing to requirements like originality, usability, installability, stability, perfor-
mance, design,

– independent benchmarking site for performance on a growing basis of prob-
lems and case studies.

Currently the STTT ETI Online Service comprises verification tools for real
time systems and model checkers. The integration of programming language tools
like type checkers, optimizers and code generators is on the way. The STTT ETI
Service can be accessed via its homepage, http://eti.cs.uni-dortmund.de.
From there, users can

1. access online information on the tools via hyperlinks to each tool’s home
site.

2. access online a stand-alone version of each tool, centrally located at the
ETI service sites

3. access the ETI repository of integrated tools. It contains a collection
of functionalities offered by individual tools, classified for ease of retrieval
according to behavioural and interfacing criteria.

4. experiment at ease with the integrated tools and functionalities, by
(a) running the (stand-alone or integrated) tools on libraries of examples,

case studies, and benchmarks made available on the ETI platform,
(b) testing and running single tool functionalities, capturing specific features

offered by the integrated tools, on the same examples, from within a
uniform graphical user interface provided by ETI,

(c) constructing own application-specific heterogenous tools through combi-
nation of single functionalities coming from different tools within the
ETI platform,

(d) loosely specifying coordination tasks, which can be then automatically
completed by means of ETI’s coordination support. This, in particular,
takes care of data format incompatibilities, as detailed in [2].

5. experiment with own sets of data, to be deployed in user-specific, pro-
tected home areas.

The wealth of input/output formats that accumulates in ETI over time makes
correct tool combination extremely difficult for users who are not familiar with
the tool landscape. ETI therefore provides coordination support in order to ease
usability: based on its interfacing layer, which organizes a growing library of type
transformers, whenever possible, type-incorrect tool sequences are automatically
completed to directly executable ones. This mechanism, which is based on model
synthesis for temporal logics, is hidden from newcomers. Experts, however, are
able to investigate the full potential for type completion in order to flexibly
exploit the entire tool repository.



Peopleware in Practice 3

In addition, ETI provides high-level task specification languages, graphical
support for specifications and user interaction, as well as prototype animation.
Together this eases the access and use of the functionalities offered by differ-
ent tools, even if implemented in different languages of different programming
paradigms (functional, imperative, object-oriented) and running on different
platforms. Together with the loose specification of single functionalities (sim-
ply in terms of desired properties), this allows even newcomers to develop and
test complex tool combinations in a comfortable, intuitive manner.

1.1 Division of Labor

A complex software like the ETI platform should be collectively maintained by a
group of people with different, complementary profiles and skills. Five different
groups of people are involved with the platform: end users, tool providers, tool
integrators, platform developers, and site managers.

End Users They want easy, fast, and reliable access to the functionality provided
by the ETI platform. The standard end users look for candidate tools or a com-
bination of tool functionalities to solve a certain problem. Basically, they want
to browse through the tool repository, evaluating available tool components and
activities with respect to the own problem or application. Using the ToolZone
client they are able to combine activities to coordination sequences and exe-
cute them. Additionally they can access tool-related information and discussion
groups via a standard Web browser.

Tool Providers They are end users with a special focus: instead of searching
for tools and activities, tool providers are principally interested in publishing
the own tools and getting valuable feedback by the end users. In addition to
the tool itself, tool providers supplies benchmarks defining the tool’s profile and
additional documentation material.

Tool Integrators They make new activities and types available to the ETI tool
repository. They investigate the tool to be integrated, identify new activities,
and establish connections between the new activities/types and already available
ones. For this, they need a good understanding of the tool to be integrated as
well as the application domain modelled in the tool repository. Integrators should
be familiar with C++, since the tool management application is written in this
language. To ease the integration task, we provide a process and utility tools
that support and semi-automate integration steps (see [1]).

Platform Developers The ETI platform consists of an online service, the ETI
community application, and of the ETI repository with the corresponding man-
agement services. Accordingly, platform developers can be split in two groups
according to their responsibilities: one group provides new services and function-
alities for the ETI community service, for which they need good Java knowledges;
the other group adds new functionality to the ToolZone software. This second
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group needs good Java and C++ skills, and a good understanding of the platform
architecture.

Site Managers They build up and maintain an ETI site. This includes setting
up the servers, installing the required software and customizing site-specific ver-
sions of the community application. They need skills concerning UNIX-based
operating systems (e.g., Linux or SUN’s Solaris), and the use the MetaFrame
environment and HTML to customize the functionality and appearance of the
ETI Web application to the specific community needs.

2 Supporting the Tool Integration Process

The technical aspects of tool integration support have been already described in
[1]. Here we concentrate on the process of handling the integration of new tools
from the point of view of the interaction between the human actors: the tool
providers and the ETI support team.

Potential tool providers contact the ETI manager either via the ETI Online
service or at the ETI site. They usually first enquire about possibilities for inte-
gration, requirements on the tools and on them, and what kind of information
they should provide.

Unfortunately, this differs from tool to tool. In particular it differs between

– stand alone tools, which are relatively easily installed on the technical plat-
form, and

– tool functionalities, which are the basic building blocks for tool coordination.
As such they are in the core of ETIs interests and quite likely of QPQ too.
Functionalities comprise tool specific or generic pre- and post processing
algorithms, verification engines, adapters and translators between different
formats, and all the various elements that play a role in the computation,
optimization, and communication in and around tools.

After some years of experience in this process, we can summarize the wishes
of the tool providers as follows. The typical tool providers would like to go to
the ETI website and find a link to some online site where they can check in
the code they wish to provide (source or executable), plus some additional files
(a mixed and varying collection of documentation, manuals, examples). Ideally,
this should be all they need to do, i.e. they would like to come back later on this
site and see that it is ”all done”.

This simple procedure is almost always unrealistic. In fact, it implies that
someone

1. has taken over the code (sources/executable) and the documents,
2. has classified and deposited them in the adequate portions of the repository,
3. has taken over the visible responsibility for the installation of the software,

including
(a) code adaptions - if necessary, (and usually it is necessary),
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(b) retrieving and installing additional packages or software components - if
necessary,

(c) licensing them in case of need, - it is often needed, even in cases where
the additional software is free and for free,

(d) ensuring and granting the availability of the installed tool(s) to the out-
side

(e) generic maintenance - e.g. taking care of updates of the environment,
when needed

(f) support to external users - i.e. personnel ready to answer questions and
able to take countermeasures in case something does not work properly.
This is a serious burden, which requires building up expertise about the
tool as software package and about its adequate usage in the originally
foreseen (or in additional, non-foreseen) application domains.

4. has taken over responsibility for the actuality of the software: someone or
something should pro-actively monitor further releases of the tool, notice
when this is not any longer the most actual (stable) release and notify the
tool providers.

Unfortunately, in many of the above points the ETI support team cannot take
over responsibility2, which therefore has to remain with the tool providers. This
sometimes dampens the enthusiasm of potential tool providers, who often only
then realize that ”publishing” a tool is quite different from publishing a paper.

3 The ETI Tool Refereeing Process

In ETI, most tools arrive together with accompanying papers that describe the
tool itself and one or more applications, usually through discussion of concrete
examples or through case studies. Accordingly, there was so far no need for a
tool-specific refereeing process distinct from the one for submitted papers: the
merits of the tool contributions are discussed and evaluated as integral part of the
paper reviewing process. In this context, the evaluation of a tool’s quality is of
scientific character: it concerns contributions to the advancement of the state-of-
the-art of tool development in that application area. In this sense, no evaluation
is performed of the tool as software artefact prior to integration. Indeed, the
whole integration process plays instead the role of a collaborative evaluation of
the tool as a piece of craftmanship. In this process all the issues concerning a
tools architecture, modularity, openness, interfaces, etc... naturally emerge, and
their more or less elegant solution determines and influences the experimental
value of the contributed tool and the effort needed for its integration.

So in the particular ETI context, where there is no need of separate accep-
tance of tool contributions, this is carried on under the supervision of the ETI
Manager. Once the ETI Manager is contacted by the tool providers, the discus-
sion efforts concern the technical characteristics and modalities of cooperation
2 This is mostly a matter of resources, but involves also legal aspects.



6 Tiziana Margaria

for an integration in the repository that exposes the maximum value to the
end-users.

The situation may be different for QPQ, due to the absence of an accompa-
nying ”traditional” paper contribution and the presence of a refereeing process
on the tools themselves.

4 Lessons Learned

4.1 Integration and Support

In the years since ETI’s launch we have collected varied experiences concerning
the interaction between the ETI support team, tool providers, and ETI users.
They concern the technical aspects of communication and support, but also a
surprisingly central social interaction component: Peopleware, in the sense of
community building and fostering, plays an unexpectedly central role in the
acceptance of the offered service, of the subjective evaluation of its value, and in
the establishment of a sound, constructive cooperation between the members in
different roles. Here follows a brief collection of the main observations, together
with the approaches we followed to take adequate care of the feedback.

– Initially we had underestimated the importance for tool providers of the
integration-related wishes mentioned above. In particular, we were not aware
of the centrality of the ”no effort” integration requirement on their side. It
is therefore necessary to communicate a perceivable value of tool publishing:
tool providers can be much more readily motivated to take up additional
efforts once they discover and accept this value.

– Once tool providers have accepted that they must play an important part in
it, it is still a matter of agreeing on a distribution of labour. Clearly, establish-
ing who has to do what, evaluating how much effort this costs, and agreeing
on the respective parts are tool specific matters. Clear communication of
the support provided for tool integration and of the available automation
capabilities was here of central relevance for the acceptance of a cooperative
integration effort.

– More specific requirements, like pro-active monitoring of the actuality of
the published release of a tool, have been discovered at a later time. Such
requirements have emerged and were articulated only after a number of
integrated tools had been available for a while. At that point the legitimate
concern arose that the published version may not reflect any more (in an
acceptable way) the capabilities and performance of the latest releases, and
thus even potentially harm the reputation of a tool.

– The notion of ”acceptable minimum level of support” evolves steadily: the
degree of support and automation offered in ETI has risen over the years.
In particular it is now going to be enhanced via online services that take
over some of the communication and history recording tasks. Particularly
concerned are monitoring, notification, and general communication tasks. In
practice, this requires a continuous development effort on demand, since it
mainly arises in response to (maybe urgent) users requirements and feedback.
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– Setting up and communicating well-defined procedures for management and
monitoring of the repository’s content as well as of access to it is important
for transparency to the public. It also helps to canalize support requests to
the right person.

– We came to the conclusion that an online service, whatever its nature, is
likely to be perceived by the users as a product. This brings expectations that
- consciously or not - quite closely match the expectations from a commercial,
B2C product. As a consequence, in case the site has a different character, it
must be made visible and clearly communicated. In particular, it is important
to separate and perceivably distinguish a ”stable” version of the site from
any experimental version that contains recently developed, thus possibly
unstable features. This clear distinction should concern the repository and
the services connected to it, but also the tools made available there.

– Reactivity and responsiveness of the support team are vital. As for any
(commercial, B2C) product, it is necessary to build from the beginning also
for QPQ a good integration and support team. Equally important is to
start from the beginning a process of observation, experience collection, and
prompt reaction in the management, integration, and support procedures.
It is important to make its existence and evolution clear to the users.

Even after several major integration projects, the expectation of ”no effort”
integration is still prevalent in potential tool providers. Accordingly, also in the
future it will be necessary to communicate very clearly that tool integration in
the ETI fashion is a common task of the tool providers and of the repository
support team. Any distribution of responsibilities must leave several of the above
tasks to the tool provider and its own support infrastructure.

4.2 Tool Refereeing: some Observations

The specialistic skills and the intensive work needed to evaluate a tool in a fair
and competent way may turn out to be a hurdle in finding enough adequate
referees. Two possible policies to remedy this may lead to a different character
of the repository:

– One may resort to experts in the field that already know the tool very well
and just recommend it for inclusion. In this case, instead of relying on a
strictly independent refereeing, QPQ would end up following an ”invited
tool” acquisition policy.

– Alternatively, we must be aware that reviewers not familiar with a tool must
spent considerable effort in its evaluation. This is likely to cause difficulties
of scale, both in finding tools that are adequately documented and in finding
reviewers that can devote so much time and effort.

In a preliminary enquiry among potential reviewers for the Peripherals Area
of QPQ, the following differences with respect to traditional paper review for
conference or journals were quite readily pointed out:
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– a tool reviewer needs the right equipment, not just a pencil as for reviews of
papers,

– a tool reviewer must learn to get along with some tool, which brings up the
issues of user interface, ergonomy, esthetic criteria, sheer taste, personal level
of ”pain” in dealing with these issues,

– tool reviewing is a residential task, with high demands on equipment: one
must carry out the review with a computer and (high speed) internet con-
nection, while a normal paper can be read and annotated almost anywhere,
in free moments, whenever it fits the schedule (which is a widely appreciated
characteristic of reviewing),

– tool reviewing is a time demanding task: a tool is not just easily overflown
and classified3

– tool reviewing a new thing, one has first to understand what are the im-
portant characteristics and metrics of evaluation, there is no ”body of expe-
rience” to build upon. Meanwhile, several conferences have introduced tool
papers and tool demonstrations as specific categories of submission, but such
contributions are evaluated in the traditional way, on the basis of a paper,
and not on the basis of direct experience with the tools themselves,

– tool reviewing is difficult to subdelegate, at least with good conscience, due
to the danger of much higher subjectivity of judgement.

In any case, it would be advantageous for the QPQ management to prepare
adequate documentation, guidelines, and support for the reviewers. It would be
also important to devise some form of reward (whatever it be, it should be quite
attractive) that compensates reviewers for their intensive engagement.
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SimplifyRules :=

Join[OperatorRules, AbsRule, ExpressionRules,

MaxMinRules, EquationRules, InequalityRules];

(* WeakSimplify is used to simplify sub-formula and is

a tactic in StrongSimplify. *)

WeakSimplify[f_] :=

Simplify[f //. SimplifyRules] /.

RulesFromGiven /. RulesForRelations;

Fig. 1. A piece of original Analytica Code

Fig. 2. AnalyticaCode in a source Notebook.

4 Separating Mathematical Knowledge from Code

There are two kinds of code in Analytica: the program code from the prover
we have discussed above, and mathematical knowledge used in proof search.
To separate causes and make Analytica easier to port to other mathemati-
cal domains, these are separated in the resurrected Analytica. Originally, the
mathematical knowledge used in Analytica was represented as Mathematica
code of the form given in Figure 4.
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Fig. 3. The corresponding online help message in the Mathematica browser.

(* Rules for simplifying expressions involving the absolute value function. *)

UnProtect[Abs];

Abs[a_ b_] := Abs[a] Abs[b];

Abs[a_^n_] := Abs[a]^n;

Protect[Abs];

(* Local rule used in simplification. *)

AbsRule = {Abs[a_] :> If[TrueQ[WeakSimplify[a >= 0]], a,

If[TrueQ[WeakSimplify[a <= 0]], -a,

Abs[Factor1[a]]]]};

Fig. 4. Encoding Mathematical Knowledge in Analytica

The first block specifies some rewriting rules for the Mathematica symbol
Abs that are subsequently be used by Mathematica’s built-in simplifier. The
second code block specifies a rewrite rules used in a special simplification engine
in Analytica. The correctness of the Analytica system depends on a couple
of hundred of such rules.

These rules are now collected in a notebook using as special Knowledge Rep-
resentation style that captures the information implicit in the original code frag-
ments. We have used a variant of the nb2omdoc transformer [Sut03] to transform
a Knowledge style notebooks into the OMDoc format (Open Mathemati-
cal DOCuments [Koh03]), an Xml-based format for representing mathematical
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knowledge in the large. OMDoc can be used as a basis for communicating with
other mathematical software systems and in particular, the MBase mathemat-
ical knowledge base [KF01], which acts as an external knowledge repository for
the new Analytica.

In the transformation we have made explicit and thus documented the math-
ematical knowledge used in Analytica. In the case of our example, this is given
by the 4 theorems:

# formalization the absolute value function . . .
1 8a, b.ja � bj = jaj � j bj commutes with multiplication
2 8a, n.janj = jajn commutes with exponentiation
3 8a.a � 0 ) j aj = a is the identity on IR+

4 8a.a � 0 ) j aj = � a is the negative identity on IR−

The last line of the code in Figure 4 is purely pragmatic allowing to factorize
polynomials inside absolute values, which of course preserves meaning. In the
generated OMDoc representation, these theorems are represented in a special
assertion element that combines the formalization with the natural language.
As the Mathematica code fragments are also embedded, and Mathematica
has a native Xml (and thus OMDoc) parser, Analytica can directly read
the OMDoc documents served by the MBase system. We plan to augment
the proof output of Analytica to point to the justifying theorems to make
Analytica proofs independent of the Analytica prover itself. Eventually, we
plan to supply proofs from first principles for all the knowledge used in the
prover, so that Analytica proofs are grounded in axiomatics, as they should
be for a theorem prover for mathematics.

5 Conclusion

We have described a recent effort to port the code base of the Analytica
theorem prover to the newest version of the Mathematica language and to
restructure it, so that it is more suitable for submission to QPQ. Analytica
is an interesting example of a QPQ submission, since it is written not in one
of the standard programming languages, but in a “mathematical development
environment”, and the new version of the system makes extended use of the new
features of the Mathematica system for code documentation. The knowledge
part of Analytica is translated to the OMDoc framework for mathematical
knowledge representation. This general setup seems ideal for a knowledge-rich
deduction component like the Analytica theorem prover. The port of Ana-
lytica to Source and Knowledge style notebooks, while laborious, is amply
repaid by the increased ability to modify and extend the system, and to auto-
matically generate a complete Mathematica add-on, including online help.
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A decision procedure for the satisfiability (validity) problem is a total predicate
on a class of formulas that determines whether a given formula is satisfiable. It
might seem that a simple binary interface for a decision procedure as a function
that takes a formula and returns Yes or No according to whether the formula is
satisfiable, would be adequate. On the contrary, we have observed that decision
procedures need rich interfaces in order to be deployed most effectively. Decision
procedures are frequently used in an online manner so that atomic formulas are
added to a context incrementally, and claims are tested against the context. The
application programmer interface (API) should include operations for asserting
and retracting information, testing claims, and for creating, deleting, and brows-
ing contexts. The decision procedures might need to exchange information with
other inference procedures such as a rewriter, typechecker, or an external con-
straint solver. We discuss the basic issues in the design of modular interfaces for
decision procedures that allow a rich range of interactions with other decision
procedures and external applications. Our experience includes the integration of
ground decision procedures, BDD packages, model checkers, and rewriters into
PVS, and with the integration of ground decision procedures with SAT solving.
The discussion here is mostly centered around the design of the API for ICS.

Boyer and Moore [BM86] indicate how even a simple decision procedure can
have a complex interaction with the other components, so that it is not merely
a black box that returns a yes/no decision. To quote Boyer and Moore, “The
black box nature of the decision procedure is frequently destroyed by the need
to integrate it.” They discuss the specific case of the interaction between the
linear arithmetic package and the other routines in the Boyer–Moore theorem
prover. Most binary decision diagram (BDD) packages for Boolean manipulation
have fairly standardized set of operations for constructing BDDs corresponding
to Boolean functions, constructing image and fixpoint BDDs, and converting
BDDs to other representations.

The design of the application programmer interface is one of the hardest engi-
neering challenges in the construction of usable decision procedures. The diffi-
? Funded by NSF Grants CCR-0082560 and CCR-9712383, DARPA/AFRL Contract

F33615-00-C-3043, and NASA Contract NAS1-20334.
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culty arises from anticipating and supporting a rich range of possible interac-
tions without compromising efficiency and modularity. We identify a number of
desirable features for decision procedures for building a library of automated rea-
soning routines. Many of these features have either been stated before or they
are standard software engineering practice, but we still consider such a sum-
mary to be useful as a guideline and measuring stick for developers of inference
procedures.

Incremental and Resettable. Inference procedures are commonly used as back-
end verification systems for formal methods tasks such as static analysis, type
checking, abstraction, symbolic simulation, or proof search. In all these applica-
tions it is common to generate verification conditions relative to some context,
which usually consists of a conjunction of formulas. In the symbolic simulation of
software, for example, branch conditions are dynamically added to some context
when processing a conditional statement. To allow for backtracking, such con-
ditions must be retracted when exploring alternative paths. A binary decision
procedure is ineffective in such a dynamic domain, since contextual information
needs to be repeatedly reprocessed. Consequently, an effective inference proce-
dure must be incremental and resettable, that is, it must be possible to add
and remove atomic formulas without restarting the procedures. Nelson’s the-
sis [Nel81] is a compendium of techniques for building incremental and resettable
decision procedures.

Integrability. Combination methods in the style of Nelson and Oppen [NO79]
and of Shostak [Sho84,RS01] explicate the APIs needed to integrate theory-
specific decision procedures into a decision procedure for the union of theories.
On the other hand, the combination of decision procedures with model checking
in predicate and data abstraction involves the integration of complementary
techniques [SS99].

We will investigate the case of combining ground decision procedures with propo-
sitionaly satisfiability (SAT) more closely [dMR02]. Let φ be the formula whose
satisfiability is being checked. Let L be an injective map from fresh proposi-
tional variables to the atomic subformulas of φ such that L−1[φ] is a propo-
sitional formula. We can use a SAT solver to check that L−1[φ] is satisfiable,
but the resulting truth assignment, say l1 ∧ . . . ∧ ln, might be spurious, that
is L[l1 ∧ . . . ∧ ln] might not be ground-satisfiable. If that is the case, we can
repeat the search with the added lemma clause (¬l1 ∨ . . . ∨ ¬ln) and invoke the
SAT solver on (¬l1 ∨ . . . ∨ ¬ln) ∧ L−1[φ]. This ensures that the next satisfying
assignment returned is different from the previous assignment that was found to
be ground-unsatisfiable. The lemma that is added should be minimized so as to
provide greater pruning of the search space. The ground decision procedure can
be also be used to precompute a set Λ of lemma clauses of the form l1 ∨ . . .∨ ln,
where ¬L[l1] ∧ . . .¬L[ln] is unsatisfiable according to the ground decision pro-
cedures. The SAT solver can then be reinvoked with Λ ∧ L−1[φ]. For such an
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integration to be most effective, both the ground decision procedures and the
SAT solver must support the incremental introduction of information.

Checkability. How do we know that our inference procedures are sound? This
question is often asked by those who wish to apply inference procedures in con-
texts where a high level of manifest assurance is required. This question has been
addressed in a number of ways. The LCF approach [GMW79] requires inference
procedures to be constructed as tactics that generate a fully expanded proof in
terms of low level inferences when applied. Proof objects have also been widely
used as a way of validating inference procedures [Nec97], and models may be
generated to justify satisfiable outcomes.

The formal verification of decision procedures is actually well within the realm
of feasible, and recently, there have been several successful attempts in this di-
rection [FS02]. Using reflection, such a correctness proof may be used to produce
proof objects for each decision problem by mere instantiation.

Other Issues. Managing failure, interruption, error reporting, resource manage-
ment, and memory behavior across component boundaries remains a significant
challenge for interface design. The API should include operations for observing
and controlling the relevant behavior of the component, and for handling errors,
failures, and garbage collection.

The ICS Interface. Based on previous experience, we addressed the interface
issues as discussed above already in the early design stages of the ICS decision
procedures(ics.csl.sri.com). There is a well-defined API for manipulating ICS
terms, asserting formulas to the current database, switching between databases,
and functions for maintaining normal forms and for testing the validity of as-
sertions by means of canonization. This API is packaged as a C library, an
Ocaml module, and a CommonLisp interface. The main function (ics process
ctxt atom) in the Lisp interface of ICS takes a logical context ctxt and
an atom. Its results satisfies exactly one the recognizers ics is consistent,
ics is inconsistent, or ics is valid. In case atom has not been shown to be
valid in ctxt or inconsistent with ctxt, a representation of ctxt conjoined with
atom is obtained using a destructor ics d consistent. In addition, ICS values
can be freed in memory using ics deregister value. We now develop a simple
interface for hiding memory management issues by directing the Lisp garbage col-
lector to free ICS value, which are, from the point of view of Lisp, just addresses
in foreign space. In a first step, these addresses are wrapped into a Lisp struc-
ture, and the Lisp garbage collector is directed by a call to (wrap-finalize! w)
to free the ICS value wrapped inside of w whenever w itself is garbage collected.

(defstruct wrap () address)

(defun wrap-finalize! (w)
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(excl:schedule-finalization w
#’(lambda (w) (ics_deregister (wrap-address w)))))

Since ics deregister address does not immediately free memory, but only
schedules the value at address to be garbage collected in the ICS memory space,
in effect, this finalization scheme coordinates the action of two separate garbage
collectors. Using wrappers, it is now straightforward to lift the ICS interface to
a functional interface, which, also incorporates memory management. Function
arguments and results are all wrapped, and newly generated ICS values are
wrapped and registered at the LISP garbage collector.

(defun ics-empty-state ()
(let ((empty (make-wrap (ics_context_empty))))
(wrap-finalize! empty) empty))

(defun ics-process (state atom)
(let* ((result (ics_process (wrap-address state)

(wrap-address atom))))
(cond ((holds (ics_is_consistent result))

(let ((newstate
(make-wrap (ics_d_consistent result))))

(wrap-finalize! newstate)
newstate))

((holds (ics_is_inconsistent result))
:unsat)
((holds (ics_is_redundant result))
:valid))))

Error handling on the Lisp level is provided by calling the ICS error handling
function ics error to get the function name fname and an error messages msg.
These arguments are used to create a Lisp exception.

(ff:defun-foreign-callable ics_error (fname msg)
(error (format nil "~a: ~a" (excl:native-to-string fname)

(excl:native-to-string msg))))

As a result, ICS can now be used in an opaque way for discharging proof obli-
gations for formal methods applications developed in Lisp. Although the details
of this integration are specific to Lisp—in fact, Allegro Common Lisp—garbage
collection schemes in other modern languages usually include similar interfaces.
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Conclusions. We have discussed some of the key issues in the design of inter-
faces for incremental, resettable, integrable, interactive, and verificable decision
procedures. Many research challenges remain. We need to systematically catalog
the possible interactions between inference procedures for equality, inequality,
rewriting, propositional logic, quantificational logic, and model checking. The
interface between decision procedures and libraries of formalized mathematical
knowledge remains largely unexplored. The tradeoff between online and offline
decision procedures is a topic that merits further study. There is also only a
preliminary understanding about efficient proof production and representation.
Decision procedures operate on a mathematically precise domain and should
therefore be a touchstone for modern software engineering practice.
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